analysis also of opinions from paediatric rheumatologists. 106 'adult physicians' responded (a response rate of 25.8%), of whom 68.9% were European, and 81.1% practising for more than 10 years. Nineteen paediatricians responded. The most widely available technique was NVC (72.7%). Nailfold capillaroscopy was most frequently performed by the physician him/herself, using different types of equipment relating to availability. Most rheumatologists reported high levels of appropriateness for NVC in both clinical and research settings for global assessment and differential diagnosis of Rp. Other techniques were less used. Of all the different techniques, nailfold capillaroscopy was the one most used in both clinical and research settings by adult physicians, the majority of whom use NVC in their everyday practice. The low proportion of clinicians using other techniques suggests that these are currently mainly research tools, available only in specialist centres. 
Introduction
Raynaud's phenomenon (Rp) is common, with an estimated prevalence in the general population of 3-5% [1] . While clinical assessment and laboratory testing provide important information for the differential diagnosis between primary and secondary forms, imaging investigations are considered a valuable addition [2] , in both clinical and research settings. The added value of magnified visualization of the nailfold microcirculation (capillaroscopy) is highlighted in the 2013 classification criteria for systemic sclerosis (SSc) [3, 4] , meaning that ideally all rheumatologists should be familiar with the technique.
Different diagnostic imaging techniques may be applied in patients with Rp and SSc-spectrum disorders to study the structure and function of the finger microcirculation [5, 6] . Among the available techniques, nailfold capillaroscopy is widely applied either with highly specialized equipment such as videocapillaroscopy (NVC), or simple in-office dermatoscopes. Thermographic imaging and laser Doppler techniques may also be valuable in the assessment of Rp, but the extent of their use among specialists in clinical practice is unknown and an expert committee suggested that thermographic imaging and laser Doppler flowmetry were 'inappropriate' due to 'difficulties in implementation and questionable utility' [7] . The concurrent use of multiple techniques tends currently to be restricted to tertiary referral centers and for research purposes.
Despite growing interest in the use of non-invasive imaging techniques in the assessment of Rp, current usage of these different techniques to assess microcirculation in Rp is unknown. We, therefore, surveyed physicians in specialties routinely involved in the management of Rp. Here, we report the analysis of responses from this international SUrvey on non-iNvaSive tecHniques to assess the mIcrocirculation in patients with RayNaud's phEnomenon (SUNSHINE survey). Our goal was to obtain an insight into current opinion and utilisation of the specific techniques that may be used in the assessment of patients with Rp in both clinical and research practice. Specifically, opinion regarding their potential role in screening, in clinical monitoring and as outcome measures was evaluated.
Methods

Survey design
The SUNSHINE survey (see online Appendix 1) was designed on the basis of a review of the literature and from the contributions of experts in the field. The survey comprised 27 questions, 11 of which included basic demographic and background information regarding respondents' current practice and monitoring of Rp. The other 16 questions focussed on the non-invasive techniques: NVC, nailfold dermoscopy, nailfold stereomicroscopy, nailfold digital USB microscopy, laser Doppler flowmetry, laser Doppler imaging, laser Doppler anemometry/velocimetry, laser speckled contrast analysis (LASCA), thermographic imaging, upper limb arterial Doppler ultrasound (US). In particular, participants were asked about their self-assessed knowledge regarding the different techniques (1 question), their current usage and the availability of the different techniques in their practice (5 questions), and their opinion as to the appropriateness of the techniques (for global assessment, differential diagnosis, and monitoring) in clinical (5 questions) and in research settings (5 questions) (see online Appendix 1).
Survey sample and administration-adult physicians
The SUNSHINE survey was devised to evaluate opinions of the members of the European League Against Rheumatism (EULAR) Study Group on Microcirculation in Rheumatic diseases (SG_MC/RD) and the EULAR Scleroderma Trials and Research (EUSTAR), using their 2015 mailing lists. It was conducted between October and December 2015 using an internet-based program (Google forms). A call for survey completion was sent after nearly 1 month. At the beginning of the survey participants were all explicitly asked if they were willing to complete the survey and informed that their consent and the completion of the survey would have permitted to listed them in the manuscript as part of SUNSHINE Study Group unless denied.
From the 456 email addresses, we excluded all those which were not specifically named-persons and duplicates, giving a total sample of 420 (Fig. 1a) . Of the 120 responses, 9 were from individuals who responded twice, 4 were ineligible (2 respondents reported they were not sufficiently skilled to participate in the survey, as per their response to Question 1, and 2 were paediatricians), and 1 questionnaire was returned blank.
All the 106 eligible responders completed the questionnaire: no partial questionnaires were returned due to the design of the survey in which skipping items were not permitted. Of the 309 non-respondents, 5 were estimated ineligible from information regarding eligibility from webbased public data (Fig. 1a) .
This yielded a raw eligibility [(305 + 106) [8] . The distributions of variables collected in the survey were summarized by means of absolute numbers and percentages and plotted by bar charts.
Survey substudy-paediatricians
To provide information regarding the management of paediatric Rp, the survey was extended into a substudy involving paediatric rheumatologists. The same internet-based survey was sent to a paediatric rheumatology email board. As this mailing list was not sufficiently detailed in terms of number and characteristics of the email addresses/members, outcome rates were not calculated and the substudy was managed separately. Of 20 respondents, 3 were ineligible because the participants reported they were not sufficiently skilled (Question 1). The two paediatricians previously excluded from the EULAR SG_MC/RD and EUSTAR mailing lists were added to this substudy (Fig. 1b) .
Results
Demographic characteristics
Among specialists taking care of adult patients, the characteristics of the respondents and non-respondents are shown in Fig. 2 . Respondents were mainly rheumatologists (83.0%) in University hospitals (90.6%) in European countries (68.9%) and were mainly practicing for more than 10 years (81.1%).
More than 50% of the respondents reported that they looked after >30 patients per year with primary and/or secondary Rp. The area of specialization was deemed relevant to the survey, but the number of participants with specializations other than rheumatology turned out to be too low to allow proper analysis (Fig. 2) . The following analysis is confined to rheumatologists' opinions (88 respondents), to ensure uniformity. 
Overall view
As shown in Fig. 3a , the nailfold capillaroscopic techniques were those associated with the highest levels of self-assessed knowledge. Specifically, for NVC the level of knowledge was judged as either good or satisfactory in 90.9% (80/88). NVC is also Fig. 3 The self-assessed level of knowledge on different techniques by adult rheumatologists (n = 88) (a) and paediatric rheumatologists (n = 18) (b) the most often performed (60.2% "routinely-more than once/month"), performed by rheumatologists themselves (61.4%) and routinely available in the place of work (72.7%) (Fig. 4) . In contrast, fewer than 50% of rheumatologists reported a good or satisfactory level of knowledge of techniques other than capillaroscopy. Regarding use and availability, very few rheumatologists (fewer than 10%) sometimes or routinely used any of the techniques other than NVC, and these were seldom available (less than 30%) either at the workplace or in another hospital, except for dermoscopy and upper limb arterial Doppler ultrasound (over 50% among rheumatologists) (Fig. 4) .
Clinical and research settings
Respondents were asked to self-assess their knowledge for each technique. Only respondents whose self-assessed level of knowledge was at least good or satisfactory were considered. Therefore, this analysis included a different number of respondents for each technique.
Clinical setting
More than 85% of rheumatologists judged all nailfold capillaroscopy techniques as 'appropriate' or 'very appropriate' in the global assessment, differential diagnosis, and monitoring of primary and Rp secondary to either SSc or other connective tissue diseases (Fig. 5) . The use of NVC was consistently assessed as appropriate or very appropriate by more than 95% of respondents, and the use of nailfold dermoscopy, stereomicroscopy, and USB microscopy by more than 88%. For thermography and upper limb arterial Doppler US, only their use for the global assessment of Rp was judged appropriate or very appropriate (respectively, 76.5 and 67.6%), while for all the other indications proportions were substantially lower (range 13.3-35.3 and 38.9-51 .3%, respectively) (Supplementary materials, eTable 2).
Research setting
Only NVC was consistently judged as appropriate or very appropriate in the global assessment (98.7%), differential diagnosis (98.7%) and monitoring primary and secondary Rp either in SSc or other connective tissue diseases (87. 3, 98.7 and 87.2%, respectively) (Fig. 5) . Opinions about the use of nailfold dermoscopy, stereomicroscopy, and USB microscopy were less uniform, and heterogeneous answers were observed for thermography and Doppler US (Supplementary materials, eTable 2).
Survey substudy on paediatric rheumatologists
The characteristics of the respondents among paediatric physicians are shown in Fig. 2 . In the online Appendix, eTable 3 summarizes how often paediatric rheumatologists monitor Rp.
As shown in Fig. 3b , both NVC and dermoscopy have the highest levels of self-assessed knowledge (good or satisfactory in 72.2 and 66.7%, 13/18-12/18, respectively). However, only dermoscopy was performed sometimes or routinely by paediatric rheumatologists themselves, and available at workplace in more than 50% of the responders (Supplementary materials, eTable 4) .
Among paediatric rheumatologists whose opinion was taken into account for analysis (good or satisfactory knowledge range 33. 3-72.2%, 6/18-13/18 ) all the nailfold capillaroscopy techniques showed consistent ratings of appropriateness (appropriate or very appropriate >80%) for each item both in clinical and research settings (eTable 5). Ratings about the techniques other than capillaroscopy were derived from a minority of the responders (eTable 6) range 5.5-33.3%, 1/18-6/18) and were inconsistent.
Discussion
The SUNSHINE survey gives a real-life overview about knowledge and availability of non-invasive techniques to assess the microcirculation among rheumatologists who take care of patients with Rp, and, therefore, provides useful background information for clinicians and researchers writing management guidelines or planning collaborative studies. Our data show that the level of self-assessed knowledge varies between different techniques. Among adult rheumatologists, capillaroscopy was most widely used, probably because rheumatologists are especially interested in the early differential diagnosis between primary and secondary Rp. The widespread use of capillaroscopy is not surprising since the value of the morphologic assessment of nailfold capillary abnormalities has long been recognized, evidenced by the proposal for the classification of Rp in 1992 [9] , and recently further corroborated by the inclusion of abnormal nailfold capillaries into the 2013 classification criteria for SSc [3] . The level of knowledge and availability of NVC was higher than other capillaroscopic techniques. Studies comparing different capillaroscopic techniques are sparse and limited to NVC, dermoscopy and stereomicroscopy in patients with SSc-spectrum disorders [10] [11] [12] . A clinician's choice of technique is likely to be guided by her/his personal experience. Rheumatologists tend to favour NVC, whereas dermatologists may prefer to use dermoscopy (data from Fig. 4 Overall view on the real-world usage and availability of noninvasive techniques to assess the microcirculation in patients with Raynaud's phenomenon ◂ four respondents, not shown). This applies both in research and clinical settings.
Regarding the techniques other than capillaroscopy, the low numbers of evaluable responses (i.e., responses from individuals knowledgeable in the technique) combined with the inconsistent opinions about the appropriateness of use suggest that these are currently little used and confined to specialist centers. Data from paediatric rheumatologists were influenced by the small sample size and so few conclusions can be drawn. However, it can be seen that NVC and dermoscopy are the techniques most used by paediatric rheumatologists and these results underscore the importance of recent efforts to develop recommendations for assessment and monitoring of Rp in children [13] .
Our survey has several limitations. First, the nonresponse bias may have affected the representativeness of these data. Our response rate was low as expected for internet surveys conducted among physicians and comparable with similar studies [14] . Second, although respondents were from 115 different centers from all over the world, the majority of respondents were rheumatologists from Europe and university hospitals and so results may not be generalizable to other countries/settings/specialties. However, since EUSTAR centers are those mainly represented in this survey, the results are representative of those centres likely to be participating in multicentre research projects initiated by EUSTAR and EULAR study group on microcirculation (SG_MC/RD). Finally, data were mainly obtained from self-assessment and this subjectivity reflects attitudes and perception from specialists' experience.
Despite these limitations, the survey benchmarks current clinical and research practice in the assessment of the microcirculation. We have shown that capillaroscopy, particularly NVC, is the technique with which the rheumatologists are most familiar, and most widely used in everyday practice. Knowledge and experience with other non-invasive imaging techniques is extremely limited. This finding needs to be taken into account when developing recommendations on the assessment of the microcirculation in patients with Rp in both clinical and research settings. Our findings suggest that if objective measures of finger temperature and blood flow (i.e. thermography, laser Doppler methods) are to be proposed as outcome measures of disease progression or treatment response in multi-centre trials, then clinician education and training in these different methods is warranted, as is done by the EULAR courses on capillaroscopy which include these different methods (http://www.eular.org-education).
